
ADr 9 .... . O .INC DES PLAINES IL CORPORATE RESEARCH CENTER P/G 10/
DEVELOPMENT OP ADVANCED KOCITE ELECTROCATALYSTS FOR PHOSPHORIC --ETC(U)
JAN Al L S WELSH. V W LEYERLE, n S SCARLATA DAAK70-79-C-017

3ULASLIFIEDE D L



LEVEL,$
(1 ",*t. ;MENT OF ADVANCED r9CITZE LP.C7ROCATALYsTs QR~

PHOSPHORIC A, 1Pr FUE;. SELLS

- - by.

O'~/ .. L,1W01--h, R. 11.1Leyerle, D. S I/ScarlataAM M. A./Vanek (
H January, 1981

/Final Technical PRe,~

Aredfoy Pub'1 Rke--,a se;,- st Irton UrP'",4 ted

f-rvjare(,4 .,

U. S. Am~y Mobil il) Equiprnet Rese,.'rch and Develo-xrcrit C, rnrnanc

!crt Belvoir, Virqinia

Cortract N~ DAAK7-9~r7

SEl emet/Project,'Task 6511 ?AilI L 1611 2A O2: L~A

UOP hc Co:orat-.- 'eir r

UOP rcI ~ Ten JOr" Pla iZd C'( jr mt Pros.pon -%acis//
0e, Pinez .i nfc's 60(C. 6

I ~ 1 ~U9 08I1



NOTICES

DISTRIBUTION STATEMENT

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE AND

SALE.

ITS DISTRIBUTION IS UNLIMITED.

DISCLAIMERS

THE FINDINGS IN THIS REPORT ARE NOT TO BE CONSTRUED AS AN

OFFICIAL DEPARTMENT OF THE ARMY POSITION, UNLESS SO DESIGNATED

BY OTHER AUTHORIZED DOCUMENTS.

THE CITATION OF TRADE NAMES AND NAMES OF MANUFACTURERS IN

THIS REPORT IS NOT TO BE CONSTRUED AS OFFICIAL GOVERNMENT -

ENDORSEMENT OF APPROVAL OF COMMERCIAL PRODUCTS OR SERVICES

REFERENCED HEREIN.

DISPOSITION

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED.

DO NOT RETURN IT TO THE ORIGINATOR.

Ii
*[

-f-1 . . . . - ...... . --- --- ,- - - -r 1- -..



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE 'WVhen Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

I. REPORT NYMBER T2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

Final Technical Report ___ ___ ___ ___

4. TITLE (and Subtitle) S TYPE OF REPORT & PERIOD COVERED

Development of Advanced KociteR Final Technical Report
Electrocatalysts for Phosphoric 9/79 - 12/80
Acid Fuel Cells S. PERFORMING ORG. REPORT NUMBER

7. AUrTNOR(a) S. CONTRACT OR GRANT NUMBER(*)

L. B. Welsh, R. W. Leyerle, D. S. Scarlata,
M. H. Vanek DAAK 70-79-C-0173

9. PERFORMING ORCANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT. TASK

UOP Inc.
Corporate Research Center 61102A/1L161102AH51/PA
10 UOP Plaza, Des Plaines, IL 60016

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. ArmyMobility Equipment Research and January, 1981
Development Command, 13. NUMBER OF PAGES

Fort Belvoir, Virginia 35
14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) IS. SECURITY CLASS. (of this report)

UNCLASSIFIED
1Sa. DECL ASSI FI C ATION/DOWN GRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

Approved for public release and sale; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report) so,

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary end Identify by block number)

Electrochemistry, fuel cells, electrocatalysts, Kocite R materials, pyro-
polymers, platinum impregnation, phosphoric acid electrolyte

20k ANIIT'RACT (Coaut ue am rever side ff n,.eecy an fden fltr by block number)

This report discusses the results of a one-year program IContract No. DAAK70-
79-C-0173) funded by USA-MERADCOM to develop from Kocite" materials, better
elec t -ocatalysts for phosphoric acid electrolyte fuel cell applications. These
improved electrocatalysts should demonstrate a larger initial catalytic metal
surface area, and a better catalytic metal surface area retention during fuel
cell operation than present state-of-the-art phosphoric acid electrocatalysts.Kocite electrocatalysts impregnated with platinum and platinum-vanadium alloys
were tested. The Kocite electrocatalysts were aged in electrodes potentiostated

DID "" 1473 EDIinOm OF I NOV 65 IS OBSOLETE UCASFE
I JA '3 UNCLASSIFE

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

IWe

Ut-



I UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(Whan Data Entertd)

Block 20. ABSTRACT continued

I in H3POa half cells, and were then analyzed for catalytic metals surface
area retention.

Compared with the state-of-the-art platinum electrocatalysts, as represented
by a standard Kocite electrocatalyst, the Kocite electrocatalysts impregnated
by the techniques used in this study had a better initial platinum surface
area. This initial surface area difference appeared to be maintained when

*i the catalysts are aged at 700 mV, but was not maintained when the catalysts
were aged at 800 mV. Variations of the alumina substrate and of the post-
treatment of the leached Kocite catalyst support did not produce any catalysts
with better platinum surface area retention than the standard catalyst. Alloy-
ing of vanadium with the platinum did produce Kocite electroc talysts which
maintained their alloy surface area better than the standard catalyst main-1 tained its platinum surface area.

" I "Kocite" is a registered trademark of UOP Inc.

Ar-;X on For

GRA&I

, .TAB

itj f cat !.cm _

Cj3

1

Ir

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(M,. Data Entote)

4Pi

- " " - ... . .. - -



r1

DEVELOPMENT OF ADVANCED NeCITE® ELECTROCATALYSTS FOR

PHOSPHORIC ACID FUEL CELLS

by

L. B. Welsh, R. W. Leyerle, D. S. Scarlata, and M. A. Vanek

January, 1981

Final Technical Report

Prepared for

U. S. Army Mobility Equipment Research and Development Command

Contract No. DAAK70-79-C-0173

The views, opinions, and/or findings contained in the report are those of the
authors and should not be construed as an official Department of the Army
position, policy, or decision, unless so designated by other documentation. The
work described in this paper was sponsored by the United States Government.
Neither UOP, nor the United States, nor the Department of the Army, nor any of
their employees, nor any of their contractors, subcontractors, or their employees
makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product or process disclosed, or represents thae its use would not
infringe privately owned rights.

- - -E .



TABLE OF CONTENTS

Section Page

SUMMARY

I.INTRODUCTION 1

1.1 Objecrives 1

1.2 Background 1

II.EXPERIMENTAL PROCEDURES 4

2.1 Electrocatalyst Aging Apparatus 4

2.2 Kocite PTFE-Bonded Electrodes 6

2.3 Focite Electrode Test Conditions 6

2.4 Kocite Electrocatalyst Analyses 7

III. KOCITE ELECTROCATALYST CHARACTERIZATION 9

IV. NDCITE ELECTROCATALYST AGING TEST RESULTS AND DISCUSSIONS 18

4.1 Aging Tests 18

4.2 Discussion 20

V. CONCLUSIONS 29

APPENDIX CATALYTIC METAL SURFACE AREA RETENTION DATA 31
FOR AGED IDCITE ELECTROCATALYSTS



LIST OF TABLES

Table No. Page

I. Kocite Electrocatalysts 10

II. Preparation of Kocite Support Materials 11

III. Kocite Electrocatalyst Properties 12

IV. Electrocatalyst Aging Test Conditions 19

V. Representative Catalytic Metal Content of 21
Aged Kocite Electrocatalysts

VI. Summary of Catalytic Metal Surface Areas of 22
Aged Kocite Electrocatalysts

I

II



FIGURES

Figure No. Page

I. Schematic of the Focite Electrocatalyst 5
Aging Test Facility

2. Normalized Pore Volume Distribution of the Master 15
Support Batch of Leached Kocite Material

3. Normalized Pore Volume Distribution of the 16
Support for Catalysts 6a and 6b

4. Normalized Pore Volume Distribution of the 17
Support for Catalyst 4

5. Platinum Surface Areas of Aged Platinum Electrocatalysts 23
Potentiostated at 800 mV vs. NHE

6. Alloy Surface Areas of Aged Pt-V Alloy Electrocatalysts 24
Potentiostated at 800 mV vs. NHE

7. Platinum and Pt-V Alloy Surface Areas of Aged 25
Electrocatalysts Potentiostated at 700 mV vs. NHE

t .



ABSTRACT

This report discusses the results of a one-year program (Contract No.

DAAK70-79-C-0173) funded by USA-MERADCOM to develop from Kocite materials,

better electrocatalysts for phosphoric acid electrolyte fuel cell applications.

These improved electrocatalysts should demonstrate a larger initial catalytic

metal surface area, and a better catalytic metal surface area retention during

fuel cell operation than present state-of-the-art phosphoric acid electro-

catalysts. Kocite electrocatalysts impregnated with platinum and platinum-

vanadium alloys were tested. The Kocite electrocatalysts were aged in elec-

trodes potentiostated in H3PO4 half cells, and were then analyzed for cata-

lytic metals surface area retention.

Compared with the state-of-the-art platinum electrocatalysts, as repre-

sented by a standard Kocite electrocatalyst, the Kocite electrocatalysts

impregnated by the techniques used in this study had a better initial platinum

surface area. This initial surface area difference appeared to be maintained

when the catalysts are aged at 700 mV, but was not maintained when the cata-

lysts were aged at 800 mV. Variations of the alumina substrate and of the

posttreatment of the leached Kocite catalyst support did not produce any cata-

lysts with better platinum surface area retention than the standard catalyst.

Alloying of vanadium with the platinum did produce Iocite electrocatalysts

which maintained their alloy surface area better than the standard catalyst

maintained its platinum surface area.j
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SUMMARY

The results discussed in this report summarize the efforts of a one year

program funded by the U.S. Department of Energy through USA-MERADCOM (Contract

No. DAAK70-75'-C-0l73) to develop from Kocite® materials, better electrocata-

lysts for phosphoric acid electrolyte fuel cell applications. These improved

electrocatalysts should demonstrate a larger initial catalytic metal surface

area and better catalytic metal surface area retention during fuel cell

operation than present state-of-the-art, phosphoric acid electrocatalysts.

Thirteen Kocite electrocatalyst materials were prepared during this program

and eleven electrocatalysts were tested.

The starting Kocite materials are composite structures consisting of a

thin film, semiconducting pyropolymer chemically bonded to the surface of an

electrically-insulating, high-surface-area, refractory support. While Iocite

materials themselves can be used as catalyst supports, for use in H3PO4 fuel

cells, the refractory substrate is leached from the composite structure to

leave a high-surface-area, carbonaceous support material. This support is

then impregnated with either platinum or platinum and vanadium.

The Kocite electrocatalysts were aged in PTFE-bonded electrodes potentio-

stated in H3PO4 , and then analyzed to determine their catalytic metal surface

area retention. The testing was done in two parts, an initial screening of the

standard catalyst and eight catalyst variations, and a subsequent more exten-

sive testing of the two most promising catalysts. In Part 1, aging tests were

carried out for 100 and 500 hours at 190 0C with the Focite electrodes

potentiostated at 800 iV (versus a normal hydrogen electrode). In Part 2, two

Pt-V alloy catalysts were further tested with a greater number of cells at the

same aging conditions. Selected catalysts were also aged at 700 mV.

'- 1 1 , - l f : • " ..... ---- ... .
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Several impregnation variations were made on a master batch of support

material, a leached Kocite material prepared from Hydral 705 alumina substrate.

A catalyst prepared with platinum diamine dinitrite was used as the standard

catalyst. This standard Kocite catalyst formulation was developed under a pre-

vious MERADCOM contractI and was comparable to commercial state-of-the-art fuel

cell electrocatalysts. Impregnation variations were made with a previously

developed UOP experimental impregnation and an impregnation done by an outside

company. After aging for 100 and 500 hours potentiostated at 800 mV, these

three catalysts had the same platinum surface area retention, about 55 m2 /g.

This indicates that at 800 mV the impregnation variations did not have a sig-

nificant effect on the platinum surface area retained after aging. However,

after 500 hours at 700 mV the catalyst impregnated by an outside company

retained a higher platinum surface area compared to the standard catalyst.

The catalyst prepared using a UOP experimental impregnation method was not

tested at 700 mV.

Variations were made in the leached Kocite supports, both by posttreat-

ment of the master support batch and by use of a support made using an Alon

alumina substrate. The catalysts made from a support posttreated at 25000 C

showed poor retention of their platinum loading after 500 hours. A similar

result was obtained for the catalyst made from the support using the Alon sub-

strate. A catalyst made from a support that was partially oxidized before

impregnation did not appear to have any improved platinum surface area reten-

tion over the standard catalyst.

Three catalysts were further impregnated with vanadium to produce plati-

num-vanadium alloy catalysts. The catalyst produced from the heat treated

support did not retain platinum well. The other two catalysts were made from

the master batch support with either the UOP experimental or the outside

I t
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company impregnations. These latter catalysts had an alloy surface area re-

tention of about 65 m2 /8, which was about 10 m2 /g higher than the platinum

surface area retention of the standard pure-platinum catalyst.

Compared with the state-of-the-art platinum electrocatalyst, as repre-

sented by the standard catalyst, the catalysts impregnated with either the UOP

experimental impregnation or the impregnation by the outside company had better

initial platinum surface areas. This initial surface area difference appez

to have been maintained when the catalysts are aged at 700 mV, but was not

maintained when the catalysts are aged at 800 mV. Variations of the alumina

substrate and of the posttreatment of the leached Kocite support did not produce

any catalysts with better platinum surface area retention than the standard

catalyst. Alloying of vanadium with the platinum did produce catalysts which

maintained their alloy surface area better than the standard catalyst.

xo%.



I. INTRODUCTION

1.1 Objectives

The objectives of this program were to develop from Kocite® materials,

better electrocatalysts for phosphoric acid fuel cell applications. These

improved electrocatalysts should demonstrate a larger initial catalytic

metals surface area, and better catalytic metal surface area retention

during fuel cell operation than present state-of-the-art, phosphoric acid

electrocatalysts. To accomplish these objectives, several alternative

preparative methods for electrocatalysts made from Kocite materials were

explored to determine whether these formulations yielded improved electro-

catalysts. Thirteen platinum and platinum-vanadium electrocatalysts were

prepared by different techniques. Eleven of these were aged in PTFE-bonded

electrodes in electrochemical half cells to determine the extent of their

platinum and Pt-V alloy surface area retention under fuel cell operating

conditions. This report summarizes the results obtained during this

program.

1.2 Background

The program discussed here followed an evaluation of the performance

of platinum-impregnated leached-Kocite electrocatalysts in fuel cell elec-

trodes for phosphoric acid electrolyte fuel cells completed for USA-MERADCOM

Y*cite is a registered trademank of UOP Inc.
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under contract number DAAK53-76-C-0014.1  During that program, state-of-

the-art catalyst materials were developed and tested in model fuel cells.

As a result of the promising initial data obtained during that program, UOP

undertook a concurrent contract with the Electric Power Research Institute

(RP-1200-3) to study the structural and platinum sintering stability of

Kocite electrocatalysts under fuel cell conditions. 2  In 1979 the US

Department of Energy funded the present effort through the USA-MERADCOM to

produce and test Kocite electrocatalysts with improved stability.

Kocite materials are proprietary materials of UOP Inc. and are com-

posite structures consisting of a thin film semiconducting pyropolymer

chemically bonded to the surface of an electrically-insulating, high-sur-

face-area, refractory substrate. The materials used to produce Kocite can

vary widely, but commonly include gamma alumina as the refractory substrate

and hydrocarbons as the pyrolyzable material or pyropolymer precursor. The

pyrolysis temperatures are commonly in the range of 400 to l00C. For use

in H3PO4 fuel cells, the refractory substrate is leached from the composite

to leave a high-surface-area, carbonaceous support material, which is im-

pregnated with platinum.

The support structure and surface chemistry, and the initial catalytic

metal surface area were thought to be the most critical parameters deter-

mining Kocite electrocatalyst stability. For the electrocatalysts tested

during this program, changes were made in these parameters by varying the

process conditions used to prepare the supports, the posttreatments of the

1L. B. Welsh and R. W. Leyerle, Optimization of Pt-Doped KociteO Electrodes
in HIPO4 Fuel Cells, MERADCOM Contract DAAK53-76-C-0014, Final Technical
Report, May, 1979.

2L. B. Welsh, R. W. Layerle, D. S. Scarlata, and M. A. Vanek, Stability of

locite* Electrocatalyst in Phosphoric Acid Fuel Cells, Electric Power Research
Institute Contract RP-1200-3, Final Report, July, 1980.



support before impregnation, and the impregnation techniques. All cata-

lysts were impregnated at a nominal 10 wt-% platinum level and several

catalysts were also impregnated at a nominal 0.8 wt-% vanadium level to

prepare platinum-vanadium alloy catalysts.

I,
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II. EXPERIMENTAL PROCEDURES

2.1 Electrocatalyst Aging Apparatus

The Kocite electrocatalysts were aged in electrodes potentiostated in

H3PO4 electrolyte to determine their platinum and platinum-vanadium alloy

surface area retention. A test facility was used to age 24 Kocite

cathodes in separate electrochemical half cells, each controlled by indi-

vidual potentiostats. Figure 1 displays a schematic of the aging facil-

ity. The main components of this facility are the electrochemical cells,

two temperature controlled ovens, and the supporting monitor and control

electronics.

Each electrochemical cell contained a Kocite cathode (working elec-

trode), a platinum gauze counter electrode, and one Pd:H reference elec-

trode. The voltage of each cathode was fixed by a separate potentiostat

consisting of a simple operational-amplifier-driven current source con-

trolled by the reference electrode voltage.

The reference electrodes consisted of a palladium disk sealed at the

end of a tube dipping into the electrolyte. A slow flow of a hydrogen-

nitrogen gas mixture was circulated inside the tube. The disks were 7 mm

in diameter and 0.1 mm thick with a platinum wire lead spot welded on the

gas side. The Pd disk was sealed in a threaded PTFE fitting with Viton

washers. The fitting connected to a quartz tube which was sealed at the

top to the Pt lead wire and gas tubes. The Pd electrodes were calibrated

against a Pt: bubbling H2 normal hydrogen electrode (NHE) in H3P04 at the

*1 temperature used for the catalyst aging tests.

A
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The counter electrode was a piece of platinum mesh held above the

working electrode by the PTFE cell body. As the electrolyte, reagent

grade H3PO4 was used after purification with H202 and concentration to 102

wt-% H3P04.

2.2 gocite PTFE-Bonded Electodes

The catalysts were incorporated into PTFE-bonded electrode struc-

tures. The PTFE content of 10 wt-% was chosen to provide both adequate

structural integrity in the long term aging tests and the required hydro-

philic electrode structure to insure proper electrocatalyst wetting by the

electrolyte. The catalyst powder was slurried together with DuPont's

"Teflon 6" PTFE dry powder in heptane. After solvent evaporation, the re-

sulting paste was rolled into a bonded sheet, -2 m thick. 40 m diameter

disks were cut from the sheet, and gold wire leads and tantalum screens

were then spot welded around the periphery. The disks contained 0.8 to 1 g

of catalyst.

2.3 Nocite Electrode Test Conditions

The aging tests were divided into two parts. In Part i, four cells

containing the standard catalyst were aged at 190C for 100 and 500 hours

potentiostated at 800 mV. Two cells containing the catalyst variations

were aged under the same conditions. In addition, cells containing the

standard catalyst and one catalyst variation were aged at 700 mV to

determine the effect of less severe aging conditions.

16- Z---
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As a result of the initial aging tests, two catalysts were selected for

further testing in Part 2. The two catalysts were aged in cells at 190C

for 100 and 500 hours potentiostated at 700 or 800 mV. Five cells of each

catalyst were aged at each condition.

2.4 Kocite Electrocatalyst Analyses

The Kocite electrocatalysts were analyzed for the percentage of C, 0,

H, Pt, and P present, and selected catalysts were also analyzed for the

percentage of Al and V present. The C, 0, and H were measured by a stan-

dard micropyrolysis technique, Pt was measured spectrophotometrically and

by X-ray fluorescence, and V, P, and Al were measured by atomic absorption

spectrometry. Measurements of the leached Kocite support pore volume dis-

tribution were made by nitrogen desorption on a Micromeretics 2500 auto-

mated adsorption apparatus.

The platinum surface areas of fresh and aged catalysts, expressed per

gram of platinum, were measured by analyzing the line broadening of the

platinum X-ray diffraction peaks. Only a fraction of the platinum particles

effectively contribute to this line, as many platinum crystallites are so

small that their contributions are smeared out and become part of the back-

ground. The agglomerated or measureable fraction is composed of the plat-

inum particles with diameters larger than -2.0 nm. The average particle

4size of the agglomerated fraction is calculated from the halfwidth of the

diffraction line assuming spherical platinum particles. The platinum sur-

face area was calculated by assuming that any unagglomerated platinum was

in particles of 2.0 m diameter, corresponding to a surface area of 140

m2 /g. This technique, therefore, limits the maximum calculated surface

.3 *w---i-
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area to 140 m2/g. This is a conservative technique which underestimates

the surface area for samples with small agglomerations, while being more

accurate for samples with higher agglomerations. The platinum surface

area, S, was calculated by summing the surface area of the unagglomerated

fraction with the surface area derived from the measured average particle

size of the agglomerated fraction, or

2~ 2 rni
S -(140-) (1 - Agg) + (140 (Agg) (ewo

g g d

where Agg is the fraction agglomerated and d is the average particle

diameter in nm of the agglomerated particles.

For the X-ray analysis of the Pt-V alloy catalysts, the surface area

was expressed per gram of alloy, necessitating a correction for alloy den-

sity. An additional correction was made to account for the difference in

the X-ray form factor between the pure platinum catalyst used as an X-ray

standard and the alloy. The solid solution composition was used to calcu-

late the correction.

All platinum or alloy surface areas have been corrected for a iy

platinum or vanadium loss during aging, and are adjusted to the initial

metals content.

I-
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III. IOCITE ELECTROCATALYST CHARACTERIZATION
-I

Thirteen batches of Kocite electrocatalyst and one non-Kocite electro-

catalyst were prepared during this program. Table I lists the electro-

catalysts and their methods of preparation. Catalysts labeled with a "b"

are Pt-V alloy catalysts. Catalysts 3b-l, 6b-l, and 8b-l were prepared

from portions of Catalysts 3a, 6a, and 8a, respectively, by an additional

vanadium impregnation. Catalysts 3b-2 and 8b-2 were prepared to duplicate

Catalysts 3b-1 and 8b-l so that they could be retested. Table II summarizes

the preparation conditions of the Kocite support materials. Table III lists

the analytical data obtained on the fresh catalyst samples.

The Yocite materials for this project were prepared by contacting a

hydrocarbon vapor stream with a well mixed bed of alumina powder in a high

temperature rotary reactor. This procedure deposited a thin film of car-

bonaceous pyropolymer, a few monolayers thick, on the alumina surface. The

carbon film is conformal to the alumina surface and the particle structure

is preserved. The alumina was removed by leaching the powder in H3PO4 at

160*C to leave a high-carbon , high surface area support. This is the

same support preparation method used in the previous MERADCOM projects.1

The primary support material, the "master batch support", was prepared

on an Alcoa Hydral 705 alumina. Five separate batches of leached Kocite

support were produced using the identical procedure and then mixed well to

produce support batch 3971-90L. Samples of this batch were impregnated to

produce all catalysts except 2 and 4. Catalysts 2 and 4 were produced on

supports based on Cabot's Alon alumina with procedures similar to those

used for Aon-based materials in the previous MERADCOM project.1

l . .4-'- "W ... - . -. . .. . -



- 10 -

Table I

K ocite Electrocatalysts

Catalyst Leached Kocite Pt V
No. Support Post Treatment Impregnation Content Content

1 Master batch - PDD* 10.36 -

(3971-90L)

2 Alon-based - PDD 10.21 -

(3971-98L)

3a Master Batch UOP 9.69 -

(3971-90L) Experimental
**

3b-1 Master Batch + Vanadium 10.82 0.83
(3971-90L)

3b-2 Master Batch + Vanadium 10.77 0.82
(3971-90L)

4 Alon-based UOP 9.69 -

(3971-104L) Experimental

5 Master Batch HNO3 Oxidation PDD 10.18 -

(3971-90L)

6a Master Batch 25000C UOP 9.75 -
(3971-90L) Experimental

6b Master Batch 25000C + Vanadium 9.53 0.83
(3971-90L)

7 Vulcan XC-72R - PDD 9.11 -

8a Master Batch - Outside 10.88 -

(3971-90L) Company

8b-1 Master Batch + Vanadium 10.93 1.08
(3971-90L)

8b-2 Master Batch + Vanadium 11.13 0.96
(3971-90L)

9 Master Batch - PDD 10.82 -

(3971-90L)

t(NH9 (NO )9 Platinum diamine dinitrite
C5(O)4 Tetracarbonylcyclopentadienylvanadium

I/
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Table II

Preparation of Kocite Support Materials

39 71 39 7  397 3971 3971 3971 3971

ocite Batch Number -18 -26 -34 -40 -48 -98 -104

Kcite Preparation
Substrate ---------- Hydral 705 ------------- Alon Alon

Particle Size (Om) 0.3 0.3 0.3 0.3 0.3 0.05 0.05

Pyropolymer Precursor C H6  C6H 6  C6H 6  C H6  C H6  C H6  C H6

Pyrolysis Temperature (*C) 8g0 830 8t8 834 834 985 985

Kocite Characteristics
Carbon Content (wt-%) 23.69 23.41 22.72 23.67 23.93 37.96 35.60

Resistivity @ 25°C (9 cm) 0.121 0.107 0.113 0.072 0.095 0.035 0.037
Apparent Bulk Djnsity (g/ml) 0.297 0.297 0.295 0.295 0.313 0.133 0.129
Surface Area (m /g) 57 53 70 65 57 103 100

Pore Volume (ml/g) 0.08 0.09 0.09 0.08 0.08 0.20 0.20

Average Pore Diameter (nm) 5.6 6.8 5.1 4.9 5.6 7.8 8.0

Leaching Conditions
Solution ----------- 85% H3PO4 ---------

Time (h) 20 20 20 20 20 20 17

Temperature (°C) 184 183 180 183 170 189 185

*After leaching, Kocite batches 3971-18, -26,-34,-40, and-48 were combined to form a

master batch, 3971-90L.
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The variations made in these batches were primarily variations of sup-

port structure, posttreatment, impregnation technique, and catalytic metals

composition. Catalyst 1 was used as the standard catalyst material. It

was produced on the master support batch with a platinum diamine dinitrite

(PDD) impregnation. Catalyst 2 was produced on Alon alumina-based support

with the same kind of PDD impregnation. Catalyst 3a was produced on the

master batch support with a UOP experimental colloidal impregnation.

Catalyst 3b-1 and 3b-2 were produced by vanadium impregnation of Catalyst

3a by the method published by Dr. Phillip Ross of Lawrence Berkeley

Laboratory.3 Catalyst 4 was produced with the UOP experimental impregna-

tion on an Alon-based support material. The support for Catalyst 5 was a

portion of the master batch posttreated in RN03 for 20 hours at 60*C to

partially oxidize the surface. The catalyst was produced with a PDD impreg-

nation. The support for Catalyst 6a was a portion of the master batch heat

treated at 2500*C. This heat treatment was done by an outside company.

Catalyst 6a was impregnated with a UOP experimental method. Catalyst 6b

was produced with a vanadium impregnation of Catalyst 6a. Catalyst 7 was

produced by a PDD impregnation of Vulcan XC-72R carbon black. Catalyst 8a

was produced on the master batch support by platinum impregnation by an

outside company. Catalysts 8b-1 and 8b-2 were produced by vanadium impreg-

nation of Catalyst 8a. Catalyst 9 was a PDD impregnated portion of the

master batch support which was sent to Energy Research Corp. (3 Great

Pasture Road, Danbury, CT) to be tested in trifluoromethanesulfonic acid

iuel cells on a different MEKADCOM contract.

3P. N. Ross, Jr., Oxygen Reduction on Supported Pt Alloys and Intermetallic
-.Compounds in Phosphoric Acid, U.S. Department of Energy Contract W-7405-ENG- 48,

March 1980, page 77.

i lli ~- t .-- ---. .. -- ,-
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The UOP experimental impregnation method and the outside company's

impregnation improved the measured platinum surface area for the fresh

catalysts on the master batch support and Alon based support materials

compared with the PDD impregnations. On the heat treated material there

was improved platinum surface area over PDD impregnated catalysts, but not

as good as on the standard base material. On the oxidized support the

initial platinum surface area after impregnation with PDD was lower than

the platinum surface area of the standard catalyst.

Nominally the Pt-V alloys were prepared at 0.33 V to Pt atomic ratio.

The values given in Table III for the alloy agglomeration and surface area

are based on the grams of alloy present, corrected for the differing den-

sity of the alloys. The alloy agglomerations are larger than the platinum

agglomerations of the pure platinum catalysts, but because of the lower

density of the alloy, the surface area per gram of alloy is in the same

range as for the other catalysts.

The N2 desorption pore volume distribution (PVD) of the supports was

measured. The PVD of the master batch is shown in Figure 2. It is typical

of Hydral-based materials with a sharp maximum in the pore distribution at

5.5 nm. The posttreatment of the support for Catalyst 6 reduced the total

pore volume and shifted the maximum differential pore volume to a lower

pore size, as shown in Figure 3. The Alon-based support for Catalyst 4

has the PVD shown in Figure 4. The oxidation of the support for Catalyst

5 caused no change in the shape of the PVD.
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IV. WCITE ELECTROCATALYST AGING TEST RESULTS AND DISCUSSIONS

4.1 Aging Tests

The catalysts were aged in potentiostated half cells to test for cata-

lytic metal surface area retention. The pattern of tests is listed in

Table IV. The column "Cells" lists the number of cells successfully oper-

ated at each condition. Part I of the program consisted initially of the

preparation of the standard catalyst and seven catalyst variations. Pre-

paration of Catalyst 9 was added for testing by Energy Research Corp., but

was not tested in this program. Later, three catalysts were added by impreg-

nating three of the previously prepared catalysts with vanadium. Preliminary

aging tests were carried out on the standard catalyst, and then eight of the

variations were tested in two cells for 100 and 500 hours each at 190*C,

potentiostated at 800 mV. Catalysts 2 and 7 were not tested because of the

addition of the more important Pt-V alloy catalysts. In Part 2 of the pro-

gram, Catalysts 3b-1 and 8b-1 were selected for further testing for reasons

discussed in the next section. Catalysts 3b-2 and 8b-2 were prepared to be

identical to Catalysts 3b-1 and 8b-1 and tested at 190*C for 100 and 500

hours at either 700 or 800 mV. Five cells were operated at each condition

for each catalyst.

a.ha

I
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Table IV

Electrocatalyst Aging Test Conditions

- 1900C -

Catalyst Potentiostated
Number Voltage (mV) Time (h) Cells

1 700 100 4
800 100 4
700 500 2

800 500 4

3a 800 100 1
800 500 2

3b-I 800 100 1
800 500 2

3b-2 700 100 5
800 100 5
700 500 5
800 500 4

4 800 100 1
800 500 2

5 800 100 2
800 500 2

6a 800 100 1

800 500 1

6b 800 100 1

800 500 2

8a 700 100 2
800 100 2
700 500 1
800 500 2

8b-i 800 100 2

800 Soo 1

8b-2 700 100 4
800 100 5

700 500 5
800 500 4

I

II
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Catalysts 1, 3b-2, 8a, and 8b-2 were aged under the same conditions at

700 mV.

The results of X-ray diffraction analysis for platinum and Pt-V alloy

surface areas are listed, for each cell tested, in the Appendix. These

results have been corrected for any metals loss. Table V summarizes the

metals retention of the aged catalysts. Table VI and Figures 5, 6, and 7

summarize the catalytic metal surface area retention results of the aged

catalysts. These results will be discussed in the next section.

4.2 Discussion

The objectives of this program were to obtain Kacite electrocatalysts

that have a better initial catalytic metal surface area and surface area

retention than present state-of-the-art H3PO4 electrocatalysts. The aging

tests were carried out to determine which catalyst modifications would lead

to improved Kocite electrocatalyst stability in long term fuel cell

operation.

The UOP experimental impregnation and the impregnation by the outside

company both produced catalysts with higher initial platinum surface area

than the PDD impregnation of the standard catalysts. The experimental

impregnation on the heat treated support for Catalyst 6a gave a lower

surface area then on the standard support for Catalyst 3a. Catalyst 5 on

the oxidized support had a lower initial platinum surface area than the

standard catalyst, though each was impregnated with PDD. The platinum-

vanadium alloy catalysts aged in Part I of the program, Catalysts 3b-1,

6b, and 8b-1, had alloy surface areas similar to the platinum surface

areas of the platinum catalysts from which they were made. The platinum-
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Table V

Representative Catalytic Metal Content of ALed Electrocatalysts

Catalyst Time (h) Potentiostated Voltage (mV) Wt-% Pt Wt-% V

1 Fresh 9.9 -
100 700 10.3 -

100 800 10.3 -
500 700 10.4 -
500 800 10.6 -

3a Fresh 10.5 -
100 800 10.7 -

500 800 10.7 -

3b-1 Fresh 10.8 0.76
100 800 11.4 0.17
500 800 10.5 0.10

3b-2 Fresh 11.0 1.20
100 700 10.8 0.19
100 800 10.8 0.14
500 700 10.7 0.20
500 800 10.7 0.14

4 Fresh 9.2 -

100 800 10.1 -

500 800 5.2 -

5 Fresh 9.8 -
100 800 10.2 -

500 800 10.3 -

6a Fresh 10.1 -
100 800 7.0 -

500 800 2.3 -

6b Fresh 9.5 0.79
100 800 0.69 0.01

800 8.3 0.07
500 800 0.66 0.02

8a Fresh 10.4 -
100 700 10.4 -
100 800 10.6 -

500 700 10.7 -

8b Fresh 10.8 0.95
100 800 10.8 0.23
500 800 11.2 0.16

8b-2 Fresh 11.4 0.90
* 100 700 11.0 0.19

100 800 11.0 0.16
o 500 700 11.0 0.14

500 800 10.7 0.14

*1
- !

t--
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Table VI

Summary of Catalytic Metal Surface Areas of Aged Kocite Electrocatalysts

S (22/g)
Potentiostated S (m2/g) Aged Catalyst

Catalyst Voltage Fresh Catalyst 100 h 500 h

1 700 109 70 63

800 72 54

3a 800 134 68 52

3b-1 800 135 73 43

3b-2 700 103 82 80
800 78 64

4 800 138 112 29

5 800 99 84 50

6a 800 119 59 29

6b 800 123 9 21

8a 700 134 85 76
800 74 52

8b-l 800 125 76 48

8b-2 700 107 74 71
800 77 65

*3b-1, 3b-2, 6b, 8b-1, and 8b-2 are Pt-V Alloy Catalysts

16
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Figure 5

Platinum Surface Areas of Aged Platinuim 'lectrocatalysts potentiostated at
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Figure 6

Alloy Surface Areas of Aged Pt-V Alloy Electrocatalysts Potentiostated
at 8O0mV vs. NHE
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Figure 7
Platin~um anid Pt-V Alloy Surface Areas of Aged Electrocatalysts Potentiostated

at 700 mV vS. NHlE
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vanadium catalysts tested in Part 2 of the program, Catalysts 3b-2 and 8b-2,

appear to have lower initial surface areas than Catalysts 3b-1 and 8b-l,

however, Catalysts 3b-2 and 8b-2 were prepared with better understanding

of the vanadium-complex decomposition technique. The higher surface area

of catalysts, 3b-1 and 8b-1 may derive from broadening of the X-ray diffrac-

tion line because of a less uniform alloy composition rather than from a

smaller average particle size.

The results of the preliminary tests at 800 mV indicate that the plati-

num catalysts, 1, 3a, 5, and 8a, have the same platinum surface area reten-

tion at 500 hours, as shown in Figure 5. Catalysts 1, 3a, and 8a were

produced with three different impregnation techniques on the 3971-90L

support. The support for Catalyst 5 had an oxidation treatment before the

platinum was impregnated by the same technique as for Catalyst 1. Although

the impregnation variations produce starting platinum surface areas which

range from 99 m2/g for Catalyst 5 to 135 m2/g for Catalyst 8a, it appears

that the platinum surface area retention is very similar for these catalysts

after 500 hours of aging. In a previous study,2 5 and 15 wt-% Pt catalysts

appeared to retain -10 m 2/g greater area at 500 hours than the presently

tested catalysts. However, the previous results were obtained with

catalysts prepared using different impregnation techniques and somewhat

different test conditions.

Catalyst 4 was made on a support prepared using the Alon substrate,

and Catalyst 6a used a heat treated support. Both had low platinum

surface area retention due to platinum loss. Catalyst 4 retained a very

high platinum surface area (112 m2/g) at 100 hours, but only had 502 of

its platinum loading remaining at 500 hours. Catalyst 6a had poor

platinum retention at both 100 and 500 hours.

-r --- -.
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The initial aging tests of the Pt-V alloy catalysts failed to confirm

the stability improvement indicated from the earlier studies. 2 As shown

in Figure 6, at 500 hours the alloy surface area retention of Catalyst 8b-1

was slightly below that of the standard catalyst and for Catalyst 3b-1 was

-10 M 2/g below that of the standard catalyst. Both catalysts appeared to

retain their platinum loading, but only retained -15% of their vanadium

loading. The Pt-V alloy catalyst on the heat treated support, Catalyst 6b,

had very little platinum or vanadium retained, even after only 100 hours.

The data for Catalysts I and 8a aged at 700 mV (Figure 7) do show a

difference between the two catalysts at both 100 and 500 hours. Catalyst

8a retains a higher platinum surface area than Catalyst I under these

milder aging conditions.

In Part 2 of the test program, the platinum-vanadium alloy catalysts,

3b-2 and 8b-2, were prepared and tested more fully than in Part 1. It was

determined that difficulties encountered during decomposition of the vana-

dium complex could be avoided, and previous studies 2,3 had indicated that

the results from Part 1 might be anomalous. Since no catalysts showed a

significant improvement over the standard catalysts, it was decided to use

the further testing to reexamine the results on the Pt-V alloy catalysts.

As is shown by the data in Table VI and Figures 6 and 7, retesting with

more cells showed Catalysts 3b-2 and 8b-2 to have better alloy surface area

retention, particularly at 500 hours. Within the error of the measurement

both samples have the same alloy surface area retention at 800 mV. At 700

mV the -10 m2/g alloy surface area difference in the fresh catalysts is

maintained after aging in the milder conditions. For Catalyst 8b-2, the

values for aging at 700 mV compared with 800 mV after 100 hours are the

same within the experimental error. It appears that greater care in the

,.. ... ... A - .. ...
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vanadium complex decomposition 
for Part 2 has eliminated the inconsistancy

in the Pt-V alloy results in Part 1 of this study.

tM 
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V. CONCLUSIONS

A. Iocite electrocatalysts have been prepared by several impregnation

techniques. Variations of the impregnation techniques used to prepare

Kocite electrocatalysts have been shown to produce differing initial plati-

num surface areas for the catalysts. The UOP experimental colloidal impreg-

nation and one done by an outside comp.ly both provide higher initial plati-

num surface areas than does the platinum diamine dinitrite impregnation of

the standard Kocite electrocatalyst. However, after aging for 100 and 500

hours at 190C and 800 mV vs. NHE, these initially higher platinum surface

areas did not result in higher surface area retention when compared with the

standard catalyst formulation. These results along with the results of

previous studies imply that for fuel cells operated at high cell voltages,

variation of the Kocite electrocatalyst impregnation technique to maximize

the initial platinum surface area would not be expected to significantly

improve long term fuel cell performance.

B. High temperature heat treatment of the leached Focite support leads

to an increased loss of the catalytic metals on aging under the test condi-

tions used in this study, though it probably stabilizes the support to

carbon corrosion (oxidation).

C. A partial oxidation of the leached Kocite suppoit surface before

- qimpregnation does not appear to improve platinum surface area retention

* under these test conditions.
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D. Alon-based Kocite electrocatalysts do not appear to retain platinum

as well as the standard, Hydral-based Kocite electrocatalyst.

E. The results obtained with Vocite electrocatalysts aged at 700 mV vs.

NHE were substantially different than those obtained at 800 mV. In par-

ticular, at 700 mV, platinum surface area differences present in the fresh

Kocite electrocatalysts appear to be maintained after 500 hours of aging

at 190°C in H3 P04. In contrast, the results obtained at 800 mV indicate

that any initial platinum surface area differences between Kocite

electrocatalysts should be minimized after 500 hours of operation.

F. The Pt-V alloy Nocite electrocatalysts made using the standard leached

Kocite support material showed better alloy surface area retention than the

pure platinum Kocite electrocatalysts, particularly after aging for 500

hours. Due to their superior alloy surface area retention, tests should be

performed with the Pt-V alloy 10cite electrocatalysts in actual H3 PO4 fuel

cells to determine their long term performance in more realistic tests.

_ I
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APPENDIX

Catalytic Metal Surface Area Retention Data for Aged Electrocatalysts

Catalyst I
3971-90A-4

Pt Surface Area, Fresh Catalyst - 109 i2/g

Aging Conditions Remaining Pt Surface
_ _ _Area (m2/8)

100 h, 190-C, 700 mV 69
67
71
73

100 h, 190-C, 800 mV 71
70
72
73

500 h, 190-C, 700 mV 61
65

500 h, 190-C, 800 mV 56
49
58
52

Catalyst 3a
3971-90A-5

Pt Surface Area, Fresh Catalyst - 134 m2 /g

Aging Conditions Remaining PtSurface
Area (m /g)

100 h, 190C, 800 mV 68

500 h, 190-C, 800 my 43

62

0,
r !, - . -- -- ---,- * .. ..% .. . . .
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Catalyst 3b-1
3971-90AV-5

Pt-V Alloy Surface Area, Fresh Catalyst - 135 m2/g Alloy

Aging Conditions Remaining lloy Surface
Area (mf/8 Alloy)

100 h, 190-C, 800 mV 73

500 h, 190-C, 800 mV 33
53

Catalyst 3b-2
3971-90AV-5-2

Pt-V Alloy Surface Area, Fresh Catalyst - 103 m2/g Alloy

Aging Conditions Remaining mlloy Surface
Area (m /g Alloy)

100 h, 190-C, 700 mV 91
85
76
86
72

100 h, 190-C, 800 mV 74
89
79
81
66

500 h, 190-C, 700 mV 78
92
73
74
82

500 h, 190-C, 800 mV 56
69
61
70

'I
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Catalyst 4
397 1-104A 2

Pt Surface Area, Fresh Catalyst - 138 m /

Aging Conditions Remaining Pt Surface
__________________Area (in /g)

100 h, 190-C, 800 mV 112

500 h, 190-C, 800 mV 29

29

Catalyst 5
3971-90A-6 2

Pt Surface Area, Fresh Catalyst =99 m /

Aging Conditions Remaining Pt 2Surface
__________________Area_(2 /g)

100 h, 190-C, 800 mV 85
83

500 h, 1.90-C, 800 mV 43
56

Catalyst 6a
3971-9 OA-1-2500*C C

Pt Surface Area, Fresh Catalyst -119 m 2

Aging Conditions Remaining Pt Surface
__________________Area_(in_/g)

100 h, 190-C, 800 mV 59

500 h, 190-C, 800 Wy 29

I:
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Catalyst 6b
3971-90AV--2500oC

a Pt-V Alloy Surface Area, Fresh Catalyst - 123 m2/g Alloy

Aging Conditions Remaining AIIQy Surface
Area (m/g)

100 h, 190-C, 800 mV 9

500 h, 190-C, 800 mV 32
10

Catalyst 8a
3971-90A-12

Pt Surface Area, Fresh Catalyst 134 m2/g

Aging Conditions Remaining P Surface
Area (m/g)

100 h, 190-C, 700 mV 82
89

100 h, 190-C, 800 mV 65

82

500 h, 190-C, 700 mV 76

500 h, 190-C, 800 mV 58
45

Catalyst 8b-1
3971-90AV-2

Pt-V Alloy Surface Area, Fresh Catalyst 125 m2/g Alloy

Aging Conditions Remaining Allay Surface
_ _ _ _ _Area (M /g)

100 h, 190C, 800 mV 75

76

500 h, 190-C, 800 mV 48

l '4- .".. .
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Catalyst 8b-2
3971-90AV-2-2

Pt-V Alloy Surface Area, Fresh Catalyst - 107 m2/g Alloy

Aging Conditions Remaining Al~oy Surface
Area (m_/g)

100 h, 190-C, 700 mV 70
73
77
74

100 h, 190 0C, 800 mV 72
76
79
79
78

500 h, 190-C, 700 mV 72
75
69
69
71

500 h, 190-C, 800 mV 72
62
69
57

IL.7
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